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Recombinant live vaccine based on canine herpesvirus , 
in particular against Carre's disease, rabies or the 
parainfluenza virus type 2 . 

The present invention relates to vaccines, 
preferably for dogs, produced from recombinant canine 
herpesviruses, and to the methods for obtaining and 
preparing these recombinant viruses . The present 
invention relates more especially to recombinant canine 
herpesviruses comprising an expression cassette for one 
or more foreign gene{s) . 

Canine herpesvirosis is caused by the canine 
herpesvirus (CHV) . The canine herpesvixTis (CHV) is 
classified in the Alphaherpesv^irinae family. This 
herpesvirus is a major pathogen for neonatal puppies. 
Canine herpesvirosis manifests itself chiefly in a 
haemorrhagic disease in puppies, and in a benign 
disease of the upper respiratory apparatus in adult 
dogs. There are at present no vaccines for protecting 
puppies against canine herpesvirosis. 

Moreover, domestic dogs are exposed to numerous 
other diseases, and the development of a vaccinal 
vector capable of expressing different antigens of 
canine pathogenic agents would enable the efficacy of 
vaccination programmes to be simplified and improved, 
especially for puppies in breeding kennels. Among 
pathogenic agents of importance for dogs, the Carre's 
disease virus, the Rubarth's hepatitis virus, the 
rabies virus, the canine parvovirosis virus, the canine 
coronavirus, the parainfluenza virus type 2, Bordetella. 
bronchiseptica, Borrelia burgdorferi, Leptospira spp. 
and Leishmania infantum may be mentioned. 

Little is known about the CHV virus genome. The 
genomic organization of this virus was published only 
recently (Remond M. et al, J, Gen. Virol. 1996. 77. 37- 
48), and the genes , for the three major glycoproteins 
gB, gC and gD, as well as .a gene designated CHV 0RF2, 
have been described (K. Limbach et al, J. Genr Virol. 
1994. 75, 2029-2039), 
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Following their work on CHV^ the inventors have 
succeeded in determining several regions which are non- 
essential for replication in vitro, which have proved 
useful for the construction of recombinant CHV viruses. 
5 The inventors are hence in a position to put forward 
for the first time the CHV virus as a vaccination 
vector for dogs . It was found that the vaccinal vectors 
according to the invention had particular advantages 
for the vaccination of dogs. In effect, the canine 
10 herpesvirus is very species-specific and possesses a 
large genome containing several potential insertion 
sites and permitting the simultaneous insertion of 
several expression cassettes for foreign genes • This 
lit affords the possibility of vaccinating dogs at the same 

15 time against different canine pathogenic agents using a 
M single recombinant virus. 

The main objective of the invention is to 
7 provide a vaccinal vector permitting the expression of 

=3 immunogens of canine pathogens * for the puarpose of 

20 protecting dogs against the main canine infectious 
i£| diseases. 

Another objective of the invention is to 
provide such a vector permitting the vaccination of 
dogs, and especially puppies having maternal 
25 antibodies, via the mucosal, in particular the oral, 
nasal or conjunctival, route. 

Yet another objective of the invention is to 
provide such a vector which permits vaccination at the 
same time against herpesvirosis in puppies. 
3 0 Hence the subject of the present invention is a 

recombinant live vaccine using as vector a canine 
herpesvirus comprising and expressing at least one 
nucleotide sequence coding for a polypeptide, this 
sequence being inserted into a site which is non- 
35 essential for replication in vitro. 

The inventors have isolated and analysed a 
genomic fragment of the CHV virus, on which they have 
characterized 5 open reading frames (ORFl to ORF5) , 
among which two {ORFB^^^and 0RF5) haye proved to be non- 
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essential for replication in vitro. Moreover, the 
inventors have found that other regions of the CHV 
genome could also be used to insert foreign genes. 
These insertion sites are: -thymidine kinase gene (CHV 
5 TK ORF) {Remond M. et al . Virus Research. 1995. 39. 
341-354.) and sequence situated between the CHV 0RF19 
and the CHV ORF22 (Remond M, et al . J. Gen. Virol, 
1996. 76. 37-48). These sites are described more 
precisely in the examples of the present invention. 

10 Preferably, the inserted sequence codes for an 

antigenic polypeptide, and preferentially for an 
antigenic polypeptide of a canine pathogenic agent. It 
is also possible to insert the sequences coding for 
immunomodulatory proteins such as cytokines. According 

15 to an advantageous variant, it is possible to use in 
combination a sequence coding for a cytokine, or the 
like, and a sequence coding for an antigen. If need be, 
several cytokine sequences can be used in combination 
with one another, optionally in combination with one or 

2 0 more sequences coding for antigens. 

The insertion into the sites is carried out by 
simple insertion (without deletion) , or after partial 
or total deletion of the ORF or ORFs used as insertion 
sites . 

25 As a parent virus for the construction of 

recombinant CHV viruses, it is possible to use, in 
particular, the CHV strain F205 which was isolated by 
L. Carmichael {Proc. Soc. Exp. Biol. Med. 1965. 120. 
644-650) . 

3 0 For the expression of foreign genes inserted 

into the CHV genome according to the present invention, 
it will be preferable to use a strong eukaryotic 
promoter such as, preferentially, a cytomegalovirus 
(CMV) immediate -early (IE) promoter. CMV IE promoter is 
35 understood to mean, in particular, a fragment such as 
is given in the examples, as well as the subfragments 
thereof retaining the same, promoter activity. _ The CMV 
IE promoter can be the human (HCMV IE) promoter or the 
murine (MCMV IE) promoter, or alt^ernatively a CMV IE 



promoter of another origin, for example rat, guinea pig 
or porcine CMV. 

At least two nucleotide sequences may be 
inserted into one site under the control of different 
5 promoters. The latter may be, in particular, CMV IE 
promoters of different origins. 

According to an advantageous development of the 
invention, another promoter is used in combination with 
the CMV IE promoter in such a way that the two 

10 promoters have their 5' ends adjacent and that the 
transcriptions initiated from these two promoters take 
place in opposite directions. This particular 
arrangement enables two nucleotide sequences to be 
inserted into the same site, one under the control of 

15 the CMV IE promoter and the other under that of the 
promoter used in combination with it ^ This construction 
is noteworthy from the fact that the presence of the 
CMV IE promoter, and in particular of its enhancer 
portion, can activate the transcription induced by the 

20 promoter used in combination. As a promoter used in 
combination, there may be mentioned, for example, a CMV 
promoter of different species from the first promoter. 
It is also possible to envisage other promoters, such 
as the Marek's disease virus (MDV) RNA1.8 promoter (G, 

25 Bradley et al. J. Virol. 1989, 63, 2534-2542). 

The nucleotide sequence inserted into the CHV 
vector in order to be expressed can be any sequence 
coding for an antigenic polypeptide of a canine 
pathogenic agent capable, when expressed under the 

30 favourable conditions obtained by the invention, of 
bringing about an immunization leading to an effective 
protection of the vaccinated animal against the 
pathogenic agent. The nucleotide sequences coding for 
the antigens of interest for a given disease, in 

3 5 particular the viral, bacterial or parasitic diseases 
mentioned above, may hence be inserted under the 
conditions described by the, present invention. 

The typical case of the invention ^ is the 
insertion of at least one nucleotide sequence coding 
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appropriately for a polypeptide of the Carre's disease 
virus (canine distemper virus = CDV) , and preferably 
for the CDV polypeptide HA (Sidhu M. et al . , Virology. 
1993, 193. 66-72) or for the CDV polypeptide F (Barrett 
5 T, et al. Virus Research. 1987. 8. 373-386) . It is also 
possible to ' insert both of these genes together into 
the CHV vector. A recombinant live vaccine bringing 
about protection against Carre's disease is thereby 
obtained. 

10 Other preferred cases of the invention are the 

insertion of nucleotide sequences coding for antigens 
or fragments of antigens of the rabies virus, 
especially the G gene (Patents FR-A-2 , 515 , 685 and EP-A- 
162,757), of the canine parvovirosis virus (VP2 gene) 

15 (Parrish C. et al. J. Virol. 1991. 65. 6544-6552) or of 
the parainfluenza virus type 2 (HA and/or F genes) . It 
is also possible to insert sequences coding for 
Borrelia burgdorferi antigens, especially the genes 
coding for the OspA and OspB antigens (Bergstrom S. et 

20 al. Mol. Microbiol. 1989. 3. 479-486). 

A typical case of the invention is a vaccine 
comprising a nucleotide sequence coding for an antigen 
of the Carre's disease virus under the control of CMV 
IE, and a nucleotide sequence coding for an antigen of 

25 another canine viral disease, in particular the ones 
mentioned above, under the control of the other 
promoter. 

Naturally, the heterologous sequences and their 
associated promoters may be ' inserted more 
3 0 conventionally in tandem into the insertion locus, that 
is to say according to the same transcription 
direction. 

The expression of several heterologous genes 
inserted into the insertion locus can also be possible 
3 5 by insertion of a sequence known as an '"IRES" (internal 
ribosome entry site) originating, in particular, from a 
picornavirus such as the swine vesicular disease virus 
(SVDV; B.-F. Chen et al., J. Virology, 1993, 67, 2142- 
2148), the encephalbmyocarditis , virus (EMCV; R.J. 
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Kaufman et al . , Nucleic Acids Research, 1991, 19, 4485- 
44 90) or the aphthous fever virus (FMDV; N, Luz and E. 
Beck, tJ. Virology, 1991, 65, 6486-6494) , or 
alternatively of another origin. The content of these 
5 three papers is incorporated by reference. The cassette 
for expression of two genes would hence have the 
following minimum structure: promoter - gene 1 - IRES - 
gene 2 - polyadenylation signal. The recombinant live 
vaccine according to the invention may hence comprise, 
10 inserted into the insertion locus, an expression 
cassette comprising in succession a promoter, two or 
more genes separated in pairs by an IRES, and a 
1: polyadenylation signal. 

\I\ In addition to the insertion into the locus 

^tj 15 according to the invention, it is possible to carry out 

x;: one or more other insertions, one or. more mutations or 

^ one or more deletions elsewhere in the genome. In all 

cases, insertion into a locus other than the one 
'3 described in the invention enables other genes to be 

'{\ 2 0 expressed. 

The use of the recombinant viruses according to 
the invention enables dogs to be protected against one 
or more of the diseases mentioned above, and at the 
same time against canine herpesvirosis . 
25 The sxibject of the present invention is also a 

polyvalent vaccine formula comprising, as a mixture or 
to be mixed, at least two recombinant live vaccines as 
defined above, these vaccines comprising different 
inserted sequences isolated, in particular, from 
30 different pathogens. These vaccine formulae contain 
dosages and/or vehicles which are suited to the 
administration route. 

The subject of the present invention is also 
CHV viruses modified in at least one of the sites 
3 5 indicated. 

Its subject is also a method of vaccination, 
especially of dogs, in which an effective amount of a 
vaccine as defined above is administered via any 
parenteral or mucosal' route, but . preferably via the 
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mucosal, in particular the oral and/or nasal, route. 
The vaccinal dose will preferably be between 10^ CCID50 
and 10^ CCID50, Preferably, the dose for the parenteral 
route will be between 10"* CCID50 and 10*^ CCID50, and for 
5 the oral and/or nasal route, between 10^ CC1D50 and 10^ 
CCID50. As defined, the vaccine is effective in general 
after a single administration via the oral and/or nasal 
route. However, repeated administrations may be 
necessary. 

10 The subject of the present invention is also 

the DNA fragments comprising all or part of the 
sequence defined by positions 1 to 6216 on SEQ ID No. 1 
(Figure No* 1) , in particular all or part of the ORF3 
site defined and/or of the flanking sequences located 

15 upstream and downstream of this site, which fragments 
will be useful as flanking arms for. the techniques of 
homologous recombination with the genome of the CHV 
virus chosen as parent virus. Naturally, the invention 
also relates to the variants of these fragments which 

2 0 correspond to the equivalent sequences of the other 
strains of CHV. The expert is entirely free to choose 
the regions serving as flanking arms in connection with 
the type of insertion (with or without deletion) or of 
deletion (partial or total) chosen* Generally speaking, 

25 the flanking arms may thus have from 100 to 800 base 
pairs, but can be larger if necessary. 

A further subject of the invention is a method 
of preparation of the vectors and vaccines according to 
the invention, as emerges from the description of the 

30 vaccines, by insertion of genes of interest into the 
insertion site. 

The invention will now be described in greater 
detail by means of non- limiting examples of 
implementation, taken with reference to the drawing, 

35 wherein: 

Figure 1: Sequence of the CHV region (6216 base 

pairs) and translation of the different 
open reading frames (ORFs) present in 
this sequence (ORFl to ORFS) . 
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Figure^ 2 : 



Figure 3 : 



Figure 4 : 



10 



15 



30 



Figure 5 : 



25 



Figure 6 ; 



2 0 Figure 7: 



Figure 8: 



Figure 9: 



Figure 10 j 
Figure 11: 



3 5 Figure 12: 



Plasmid pPB200 (donor plasmid for the 
insertion of expression cassettes into 
the CHV 0RF3 site) . 

Construction of the plasmid pPB202 
(donor plasmid for the insertion of 
expression cassettes into the CHV ORF5 
site) . 

Construction of the plasmid pPB204 
(donor plasmid for the insertion of 
expression cassettes into the CHV TK 
site) . 

Construction of the plasmid pPB206 
(donor plasmid for the insertion of 
expression cassettes into the site 
situated between the CHV ORF19 and CHV 
ORF22 genes) , 

of the plasmid pPB208 
cassette for the CDV HA 



Constiruction 
(expression 
gene) . 

Construction 
(expression 
gene) . 

Construct ion 



of the plasmid 
cassette for ' the 



pPB210 
CDV F 

pPB213 



of the plasmid 
(donor plasmid for the insertion of the 
cassette for the expression of the CDV 
HA gene into the CHV 0RF3 site) . 
Construction of the plasmid pPB214 
(donor plasmid for the insertion of the 
cassette for the expression of the CDV F 
gene into the CHV 0RF3 site) , 
Plasmid pPB200' 

Construction of the plasmid pPB212 
(cassette for the expression of the 
rabies virus G gene) , 

Construction of the plasmid pPB125 
(donor plasmid for the insertion of the 
cassette for the expression . of the 
rabies virus G gene into the CHV 0RF3 
site) . 
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Figure 13 : 



5 Figure 14: 
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Figure 15 : 



Construction of the plasmid pPB216 
(donor plasmid for the insertion of the 
cassette for the expression of the CDV 
HA gene into the CHV 0RF5 site) . 
Construction of the plasmid pPB217 
(donor plasmid for the insertion of the 
cassette for the expression of the CDV 
HA gene into the CHV TK site) , 
Construction of the plasmid pPB218 
(donor plasmid for the insertion of the 
cassette for the expression of the CDV 
HA gene into the site situated between 
the CHV 0RF19 and CHV ORF22 genes) . 



15 SEQ ID sequence listing for the constructions in the 
insertion sites of the CHV vector: 



SEQ ID No. 1 Complete sequence of the CHV ORFl -> 
0RF5 region depicted in Figure 1 



SEQ 


ID 


No. 


2 


ORFl 


amino 


acid 


sequence 


of 


Figure 


1 


SEQ 


ID 


No. 


3 


0RF2 


amino 


acid 


sequence 


of 


Figure 


1 


SEQ 


ID 


No. 


4 


0RF3 


amino 


acid 


sequence 


of 


Figure 


1 


SEQ 


ID 


No. 


5 


0RF4 


amino 


acid 


sequence 


of 


Figure 


1 


SEQ 


ID 


No. 


6 


(Partial) 


0RF5 


amino acid 


sequence 



25 Figure 1 



SEQ 


ID 


No. 


7 


Oligonucleotide 


JC:A070 


SEQ 


ID 


No. 


8 


Oligonucleotide 


JCA071 


SEQ 


ID 


No- 


9 


Oligonucleotide 


JCA072 


SEQ 


ID 


No. 


10 


Oligonucleotide 


JCA073 


SEQ 


ID 


No. 


11 


Oligonucleotide 


JCA074 


SEQ 


ID 


No. 


12 


Oligonucleotide 


JCA075 


SEQ 


ID 


No. 


13 


01 igonucleot ide 


JCA076 


SEQ 


ID 


No. 


14 


Oligonucleotide 


JCA077 


SEQ 


ID 


No. 


15 


Oligonucleotide 


JCA078 


SEQ 


ID 


No. 


16 


Oligonucleotide 


JCA079 


SEQ 


ID 


No. 


17 


01 igonuc leo t ide 


JCA080 


SEQ 


ID 


No. 


18 


Oligonucleotide 


JCA081 


SEQ 


ID 


No. 


19 


Oligonucleotide 


JCA082 


SEQ 


ID 


No. 


20 


Oligonucleotide 


JCA0fi3 
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SEQ 


ID No. 


21 


^ 2^ v.^ A X ^ ^ \_/ w ^ 


JCA084 


SEQ 


ID 




22 


Oliaoniir*! *=*ri1~ i r^<==* 

^ -1- ^ N_/ i. J. Ik^\_< j, ^ W L- -L vi. 


v^ii W O »J 




ID 


No. 






pn n Q G 
troU O o 








94. 




irl5 u o y 


5 SEQ 


ID 


No, 


25 


Oligonucleotide 


JCA086 


SEQ 


ID 


No. 


26 


Oligonucleotide 


JCA087 


SEQ 


ID 


No. 


27 


Oligonucleotide 


JCA088 


SEQ 


ID 


No. 


28 


Oligonucleotide 


JCA08 9 


SEQ 


ID 


No. 


29 


Oligonucleotide 


JCA090 


10 SEQ 


ID 


No. 


30 


0 1 igonuc 1 eo t ide 


CrCA0 91 



EXAMPLES 

All the constructions of plasmids were carried . 
out using the standard techniques of molecular biology 

15 described by Sambrook J* et al . (Molecular Cloning: A 
Laboratory Manual, 2""* Edition. Cold Spring Harbor 
Laboratory. Cold Spring Harbor, New York. 1989) . All 
the restriction fragments used for the present 
invention were isolated using the '^Geneclean'* kit (BIO 

20 101 Inc. La Jolla, CA) , 

The virus used as parent virus is. the canine 
herpesvirus strain F205 (also known as the Carmichael 
strain) . This strain was obtained from Dr. L. 
Carmichael (Cornell University, NY) , who isolated it 

25 and described its biological characteristics (Proc. 
Soc. Exp. Biol. Med. 1965. 120. 644-650). The 
conditions of culture of this virus are as follows: 
MDCK (Madin-Darby canine kidney ATCC CCL34) cells 
cultured in Eagle's minimum essential medium (MEM 

3 0 medium) are inoculated with the CHV strain F205 using a 
multiplicity of infection of 1. The infected cells are 
then incubated at 37®C for approximately 36 hours until 
a complete cytopathic effect is seen. 

35 Exeoaple 1: Extraction of canine herpesvirus DNA 

After culture, the supernatant and the lysed 
cells are harvested, and. the whole of the viral 
suspension is centrifuged at 1000 g for 10 minutes at 
+4®C to remove cell debris. The .viral particles are 
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then harvested by ultracentrifugation at 400,000 g for 
1 hour at +4*=C. The pellet is taken up in a minimum 
volume of buffer (10 mM Tris, 1 mM EDTA) . This 
concentrated viral suspension is treated with 
5 proteinase K (100 /xg/ml final) in the presence of 
sodium dodecyl sulphate (SDS) (0.5% final) for 2 hours 
at 37 ^C. The viral DNA is then extracted with a 
phenol/chloroform mixture and thereafter precipitated 
with 2 volumes of absolute ethanol. After one night at 
10 -20^C, the precipitated DNA is centrifuged at 10,000 g 
for 15 minutes at +4^C, The DNA pellet is dried and 
then taken up in a minimum volume of sterile ultrapure 
water. 

15 Example 2: Cloning and characterization of the CHV ORFl 

- 0RF5 region 

The purified genomic DNA of the CHV virus 
strain F205 was digested with the restriction enzymes 
Seal and Xhol^ and the approximately 6200-bp Scal-Xhol 
2 0 fragment was cloned into the vector pBlueScript SKll-h 
(Stratagene Ref. 212205)^ previously digested with Seal 
and Xhol, to give the plasmid pPB154 . 

The Xhol -Seal fragment cloned into plasmid 
pPB154 was sequenced completely on both strands to 
25 generate the 62 16 -bp sequence of Figure 1 (SEQ ID 
No, 1) . 

Several open reading frames larger than 65 
amino acids in size were identified on this sequence 
(Figure 1) : 

30 The first reading frame (ORFl) {positions 1353 

- 157) occurs on the complementary strand and codes for 
a polypeptide of 398 amino acids (SEQ ID No. 2) . 

The second reading frame (0RF2) (positions 
1708 - 2970) codes for a polypeptide of 420 amino acids 
35 (SEQ ID No. 3) . 

The third reading frame (ORF3} (positions 
3040 - 4242) codes for a polypeptide of 400 amino acids 
(SEQ ID No. 4) . 
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The fourth reading frame (0RF4) (positions 
4374 - 5753) codes for a polypeptide of 459 amino acids 
(SEQ ID No. 5) . 

The fifth reading frame (0RF5) (positions 
5 5872 - 6216) is incomplete and codes for a truncated 
protein of liS amino acids (SEQ ID No. 6) , 

The different open reading frames are collated 
in the table below: 



Open reading 
frame 


Beginning - End 
(positions in Figure 1) 


Size in amino 
acids 


ORF 1 


1353 - 157 


398 aa 


ORF 2 


1708 - 2970 ^ 


420 aa 


ORF 3 


3040 - 4242 


400 aa 


ORF 4 


4374 - 5753 


459 aa 


ORF 5 


5872 - 6216 


115 aa 



10 

Exaiiqple 3: Construction of plasmid pPB200 for tlie 
insertion of expression cassettes into the CHV ORF3 
site (Figure 2) 

Plasmid pPB154 (9121 bp) {Example 2) was 

15 digested with Hindlll and Spel to isolate the 620-bp 
Hindlll-Spel fragment (fragment A) . Plasmid pPB154 was 
digested with EcoRl and Spel to isolate the 6 59 -bp 
EcoRI-Spel fragment (fragment B) . The fragments A and B 
were ligated together with the vector pGEM4Z (Promega 

20 Ref. P2161) , previously digested with EcoRl and 
Hindlll, to give the plasmid pPB199 (4096 bp) . Plasmid 
pPB199 was then digested with Spel, treated with 
alkaline phosphatase and then ligated with the multiple 
cloning site obtained by hybridization of the following 

25 2 oligonucleotides: 

JCA070 (33 mer) (SEQ ID No, 7) 

5' CTAGTCCAGCAAGGTGGATCGATATCGGGCCCA 3' 

JCA071 (33 mer) (SEQ ID No. 8) 

5' CTAGTGGGCCCGATATCGATCCACCTTGCTGGA 3' 

3 0 to give plasmid pPB200 (4129 bp) . 
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Excunple 4: Construction of plasmid pPB202 for the 
insertion of expression cassettes into the CHV 0RF5 
site {Figure 3) 

The sequence of the CHV 0RF5 gene was published 
5 recently (Limbach K. et al. J, Gen. Virol. 19 94. 75. 
2029-2039) . A PGR reaction was carried out with the 
genomic UNA of the CHV virus strain F20 5 (Example 1) 
and with the following oligonucleotides: 
JCA072 (22 mer) (SEQ ID No. 9) 
10 5 ' CAGCTTTATGTTTTTATTGTTC 3' 

JCA073 (29 mer) <SEQ ID No, 10) 
5'AAAGAATTCTACAACTGTTTAATAAAGAC 3' 

to obtain a 751 -bp PGR fragment containing the complete 

CHV 0RF2 gene. This fragment was digested with BGIII 
15 and EcoHI to isolate a 709~bp Bglll-EcoRI fragment. 

This fragment was ligated with the vector PGEM4Z 

(Promega Ref. P2161) , previously digested with EcoRl 

and BamHI^ to give the plasmid pPB201 (3559 bp) . 

Plasmid pPB201 was then digested with Seal and PvuII 
20 and thereafter ligated with a multiple cloning site 

obtained by hybridization of the -following 2 

oligonucleotides : 

JCA074 (36 mer) (SEQ ID No, 11) 

5 ' ACTCCAGCTACATGGGATATCGGGCCCATCGATCAG 3 ' 
25 JCA075 {36 mer) (SEQ ID No- 12) 

5 ' CTGATCGATGGGCCCGATATCCCATGTAGCTGGAGT 3 ' 

to give plasmid pPB202 (3395 bp) . 

Exais^le 5: Construction o£ plasmid pPB204 for the 
30 insertion of expression cassettes into the CHV TK site 
(Figure 4) 

The sequence of the CHV thymidine kinase (TK) 
gene was published recently (Remond M. et al, Vixrus 
Research. 1995. 39, 341-354). A PGR reaction was 
3 5 carried out with the genomic DNA of the CHV virus 
strain F205 (Example 1) and with the following 
oligonucleotides : 
JCA076 (35 mer) (SEQ ID No. 13) 
5 ' AGCGTTAACCTCAAAAGCCAAATTTACACTTCCCG 3 ' 



- 14 - 

JCA077 (38 mer) (SEQ ID No. 14) 
5 ' CCCAAGCTTTTCTAAAGCCCATTTATAAATAATAAATG 3 ' 
to obtain a 103 0 -bp PGR fragment containing the 
thymidine kinase (TK) gene. This fragment was digested 
5 with Hpal and Hlndlll to isolate a 1019-bp Hpal-Hindlll 
fragment. This fragment was ligated with the vector 
pSP73 (Promega Ref. P2221) , previously digested with 
EcoRV and Hindlll, to give the plasmid pPB203 (3423 
bp) . 

10 Plasmid pPB203 was then digested with EcoRl and 

Styl and thereafter ligated with a multiple cloning 

site obtained by hybridization of the following 2 

oligonucleotides : 

JCA078 (36 mer) (SEQ ID No. 15) 
15 5 ' AATTCCCAGCTACATGGGATATCGGGCCCATCGATC 3 ' 

JCA079 {36 mer) (SEQ ID No. 16) 

5 ' CAAGGATCGATGGGCCCGATATCCCATGTAGCTGGG 3 ' 

to give plasmid pPB204 (3399 bp) • 

20 Example 6: Construction of plasmid pPB206 for the 
insertion of expression cassettes into the site 
situated between the CHV ORF19 and ORF22 genes 
(Figure 5) 

The sequence of the intergenic region 
25 corresponding to the natural deletion of the genes 
coding for the large subunit ("RRl" gene) and for the 
small subunit {"RR2" gene) of ribonucleotide reductase 
was published recently (Remond M. et al. J. Gen. Virol, 
1996, 77. 37-48), According to the nomenclature used by 
30 Remond et al., the deletion of these two genes occurs 
between the open reading frames designated CHV ^'orfl9" 
and CHV "'orf22" [designated herein ORF19 and ORF 22, 
respectively] , A PCR reaction was carried out with the 
genomic DNA of the CHV virus strain F205 (Example 1) 
35 and with the following oligonucleotides: 
JCA080 (36 mer) (SEQ ID No, 17) 
5 ' GGAGATCTAGTAAATTAAATAGTAATTCATTTAATG 3' 
JCA081 (33 mer) (SEQ ID No, 18) 
5 ' CAGTCGCGAAGATGAAAATAAAATCCATCGAAG, 3' 
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to obtain a 720 -bp PGR fragment containing the 
intergenic region corresponding to the natural deletion 
of the CHV ORF19 and ORF22 genes. This fragment was 
digested with Spel and Nrul to isolate a 70 9 -bp Spel- 
5 Nrul fragment. This fragment was ligated with the 
vector pGEM4Z (Promega Ref . P2161) , previously digested 
with Smal and Xbal, to give the plasmid pPB205 (3572 
bp) . Plasmid pPB205 was then digested with Mfel and 
thereafter partially digested with Sspl in order to 

10 isolate the 3512-bp Mfel-Sspl fragment. This fragment 
was then ligated with a multiple cloning site obtained 
by hybridization of the following 2 oligonucleotides: 
JCA082 (38 mer) (SEQ ID No. 19) 
5'AATTGGCAGCTACATGGGATATCGGGCCCATCGATAAT 3' 

15 JCA083 (34 mer) (SEQ ID No- 20) 

5 ' ATTATCGATGGGCCCGATATCGGATGTAGCTGGC 3 ' 
to give plasmid pPB206 (3548 bp) . 

Example 7: Isolation of the genoxaic RNA of the CDV 
20 strain Onderstepoort and cloning of the complementary 
DNA coding for the HA and F genes 

The CDV strain Onderstepoort (Mitchell W. et 
al. J. Virol. Meth. 1987, 18. 121-131) was cultured on 
MDCK (Madin-Darby canine kidney) cells in DMEM medium 

25 (Gibco) . After purification of the virus, the genomic 
viral RNA was isolated using the guanidinium 
thiocyanate /phenol - chloroform extract ion technique 
(Chomczynski P, and Sacchi N. , Anal. Biochem, 1987. 
162. 156-159). Specific oligonucleotides (containing 

3 0 restriction sites at their 5' ends to facilitate the 
cloning of the amplified fragments) were synthesized in 
such a way as to cover completely the coding regions of 
the genes which were to be amplified (HA and F genes, 
respectively) . The reverse transcription (RT) reaction 

35 and polymerase chain amplification (PGR) were performed 
according to the standard techniques (Sambrook J. et 
al, 1989), Each RT-PCR reaction was carried out with a 
pair of specific amplimers and taking as template the 
extracted viral genoihic RNA. The amplified comple- 
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luentarY DNA was extracted with phenol/chloro- 
f orm/isoamyl alcohol (25:24:1) before being digested 
with the restriction enzymes and cloned into the 
appropriate * vector . 

5 

7.1. Construction of the CDV HA expression cassette 
{pPB208) (Figure 6) 

The plasmid pCMVB (Clontech Ref, 6177-1) was 

digested with EcoRl and Notl to isolate an 818 -bp 
10 EcoRI-NotI fragment containing the promoter region of 

the human cytomegalovirus immediate -early gene 

{fragment A) , 

An RT-PCR reaction was carried out with the 

genomic RNA of the CDV virus (strain Onderstepoort) and 
15 with the following oligonucleotides: 

JCA084 (32 mer) (SEQ ID No. 21) 

5 ' TTGCGGCCGCATGCTCCCCTACCAAGACAAGG 3 ' 

JCAOaS (28 mer) (SEQ ID No. 22) 

5 ' TTGGTACCTTAACGGTTACATGAGAATC 3 ' 
20 to obtain a 1837-bp PGR fragment containing the CDV HA 

gene. This fragment was digested with ^otl and Kpnl to 

isolate a 1826-bp Notl-Kpnl fragment (fragment B) . 

The fragments A and B were ligated together 

with the vector pGEM-7Zf + (Promega Cat # P2251) , 
25 previously digested with EcoRl and Kpnl, to give the 

plasmid pPB207 (5634 bp) . 

A PCR reaction was carried out with plasmid 

pCMVB and with the following oligonucleotides: 

PB088 (30 mer) (SEQ ID No. 23) 
3 0 5 ' TTGGGTACCGCCTCGACTCTAGGCGGCCGC 3' * 

PB089 (32 mer) (SEQ ID No. 24) 

5 ' TTGGGTACCGGATCCGAAAAAACCTCCCACAC 3 ' 

to obtain a 244 -bp PCR fragment containing the 
polyadenylation signal of the SV40 virus early gene. 
35 This fragment was digested with Kpnl to isolate a 233- 
bp KpnI-Kpnl fragment. This fragment was then ligated 
with plasmid pPB207, previously digested with_iCpnI, to 
give plasmid pPB208 (5867 bp) . 
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7*2* Construction of the CDV F expression cassette 
(pPB210) (Figure 7) 

Plasmid pCMVB (Clontech Ref, 6177-1) was 
digested with EcoRl and Notl to isolate an 818-bp 
EcoRI-Notl fragment containing the promoter region of 
the human cytomegalovirus immediate -early gene 
(fragment A) . 

An RT-PCR reaction was carried out with the 
genomic RNA of the CDV virus (strain Onderstepoort ) and 
with the following oligonucleotides: 
JCA086 {34 mer) (SEQ ID No. 25) 
5 ' TTGCGGCCGCATGCACAGGGGAATCCCCAAAAGC 3 ' 
JCA087 (28 mer) (SEQ ID No. 26) 
5 ' TTGGTACCTCAGAGTGATCTCACATAGG 3 ' 

to obtain a 2 Oil -bp PGR fragment containing the CDV F 
gene. This fragment was digested with Notl and Kpnl to 
isolate a 2000 -bp Notl-Kpnl fragment (fragment B) , The 
fragments A and B were ligated together with the vector 
pGEM-72f+ (Promega Ref. P2251) , previously digested 
with EcoRl and Kpnl, to give the plasmid pPB209 
(5808 bp) . 

A PCR reaction was carried out with plasmid 
pCMVB and with the following oligonucleotides: 
PB088 (30 mer) (SEQ ID No. 23) 
5 ' TTGGGTACCGCCTCGACTCTAGGCGGCCGC 3 ' 
PB089 (32 mer) (SEQ ID No. 24) 
5 ' TTGGGTACCGGATCCGAAAAAACCTCCCACAC 3 ' 

to obtain a 244 -bp PCR fragment containing the 
polyadenylation signal of the SV40 virus early gene* 
This fragment was digested with Kpnl to isolate a 233- 
bp KpnI-Kpnl fragment. This fragment was then ligated 
with plasmid pPB209, previously digested with Kpnl, to 
give plasmid pPB210 {6041 bp) . 

Example 8: Construction of the donor plasmid pPB213 for 
the insertion of the CDV HA expression cassette into 
the CHV 0RF3 site (Figure 8) 

Plasmid pPB208 (Example 7.1,) was digested with 
Apal and Clal to isolate a 2920-bp Apal-Clal fragment 
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containing the cassette for the expression of the CDV 
virus HA gene. This fragment was then ligated with 
plasmid pPB200 (Example 3) , previously digested with 
Apal and Clal, to give plasmid pPB213 (7043 bp) . This 
5 plasmid permits the insertion of the cassette for the 
expression of the CDV HA gene into the CHV 0RF3 site. 

Example 9: Construction of the donor plasmid pPB214 for 
the insertion of the CDV F expression cassette into the 
10 CHV 0RF3 site (Figure 9) 

Plasmid pPB210 (Example 7.2.) was digested with 
Apal and Clal to isolate a 3 100 -bp Apal-Clal fragment 
J: containing the cassette for the expression of the CDV 

\n virus F gene. This fragment was then ligated with 

15 plasmid pPB200 (Example 3) , previously digested with 
£ Apal and Clal, to give plasmid pPB214 (7217 bp) . This 

plasmid permits the insertion of the cassette for the 
expression of the CDV F gene into the CHV ORF3 site, 

20 Example 10: Construction of the donor plasmid pPB215 
:_0 for the insertion of the cassette for the expression of 

3 the rabies virus G gene into the CHV ORF3 site {Figures 

10, 11 and 12) 

Plasmid pPB199 (Example 3) was digested with 
25 Spel, treated with alkaline phosphatase and then 
ligated with the multiple cloning site obtained by 
hybridization of the following 2 oligonucleotides: 
JCA088 (39 mer) (SEQ ID No. 27) 
5 ' CTAGTCCAGCAAGGTGTCGACGGATCGATATCGGGCCCA 3 ' 
30 JCA089 (39 mer) (SEQ ID No. 28) 

5 ' CTAGTGGGCCCGATATCGATCCGTCGACACCTTGCTGGA 3 ' 
to give plasmid pPB200' (4135 bp) (Figure 10) . 

Plasmid pCMVB (Clontech Ref. 6177-1) was 
digested with EcoRI and Notl to isolate an 81 8 -bp 
3 5 EcoRI -Not I fragment containing the promoter region of 
the human cytomegalovirus immediate-early gene 
(fragment A) . 

According to the technical procedures" already 
described for the CDV virus (Example 7) , the RNA of the 
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rabies virus ERA strain was extracted and purified from 
a culture of rabies virus -infected Vero cells. An RT- 
PCR reaction was then carried out (see Example 7) with 
the genomic RNA of the rabies viriis (strain ERA) and 
5 with the following oligonucleotides: 
JCA090 (31 mer) (SEQ ID No. 29) 
5 ' TTGCGGCCGCATGGTTCCTCAGGCTCTCCTG 3 ' 
JCA091 (31 mer) (SEQ ID No. 30) 
5 ' TTGGTACCTCACAGTCTGGTCTCACCCCCAC 3' 

10 to obtain a 1597-bp PGR fragment containing the rabies 
virus G. gene (Patents FR-A-2 , 515 , 685 and EP-A-162 , 757) . 
This fragment was digested with Notl and Kpnl to 
isolate a 1586-bp Notl-Kpnl fragment (fragment B) . The 
fragments A and B were ligated together with the vector 

15 pSP73 (Promega Ref. P2221) ^ previously digested with 
EcoRl and JCpnl, to give the plasmid pPB211 (4852 bp) . 

A PGR reaction was carried out with plasmid 
pCMVB and with the following oligonucleotides : 
PB088 (30 mer) (SEQ ID No. 23) 

2 0 5 ' TTGGGTACCGCCTCGACTCTAGGCGGCCGC 3' 

PB089 (32 mer) (SEQ ID No, 24) 

5 ' TTGGGTACCGGATCCGAAAAAACCTCCCACAC 3 ' 

to obtain a 244 -bp PGR fragment containing the 
polyadenylation signal of the SV40 virus early gene. 
25 This fragment was digested with Kpnl to isolate a 233- 
bp Kpnl -Kpnl fragment. This fragment was then ligated 
with plasmid pPB211, previously digested with Kpnl, to 
give plasmid pPB212 (5085 bp) (Figure 11) . Plasmid 
pPB212 was digested with EcoEV and Sail to isolate a 

3 0 2664-bp EcoRV-Sall fragment containing the cassette for 

the expression of the rabies virus G gene. This 
fragment was then ligated with plasmid pPB200' (see 
above) , previously digested with EcoEV and 5all, to 
give plasmid pPB215 (6790 bp) (Figure 12) . 

35 

ExaiXKple 11: Construction of the donor plasioid pPB216 
for the insertion of the CDV HA expression cassette 
into the CHV ORF5 site (Figure 13) 
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Plasmid pPB208 (Example 7,1,) was digested with 
Smal and Apal to isolate a 2 90 9 -bp Smal-Apal fragment 
containing the cassette for the expression of the CDV 
HA gene. This fragment was then ligated with plasmid 
5 pPB202 (Example 4) , previously digested with EcoRV and 
Apal, to giVe plasmid pPB216 (6291 bp) . This plasmid 
permits the insertion of the cassette for the 
expression of the CDV HA gene into the CHV ORF5 site. 

Example 12: Construction of the donor plasmid pPB217 
for the insertion of the CDV HA expression cassette 
into the CHV TK site (Figure 14) 

Plasmid pPB208 (Example 7.1.) was digested with , 
Apal and Clal to isolate a 2920 -bp fragment containing 
the cassette for the expression of the CDV HA gene. 
This fragment was ligated with plasmid pPB204 (Example 
5), previously digested with Apal and Clal, to give 
plasmid pPB217 (6316 bp) . This plasmid permits the 
insertion of the cassette for the • expression of the CDV 
HA gene into the CHV TK site» 

Example 13: Construction of the donor plasmid pPB218 
for the insertion of the CDV HA expression cassette 
into the site situated between the CHV 0RF19 and CHV 
25 ORF22 genes (Figure 15) 

Plasmid pPB208 (Example 7,1.) was digested with 
Apal and Clal to isolate a 2920 -bp fragment containing 
the cassette for the expression of the CDV HA gene. 
This fragment was ligated with plasmid pPB206 (Example 
3 0 6), previously digested with Apal and Clal, to give 
plasmid pPB218 (6462 bp) , This plasmid permits the 
insertion of the cassette for the expression of the CDV 
HA gene into the site situated between the CHV 0RF19 
and CHV ORF22 genes. 
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Example 14: Isolation of the recombinant virus vCHVOl 
containing the cassette for the expression of the CDV 
HA gene in the CHV 0RF3 site, 

Plasmid pPB213 (see Example 8) was linearized 
by digestion with Hindlll, extracted with a phenol- 
chlorofo2rm mixture, precipitated with absolute ethanol 
and then taken up in sterile water. 

MDCK cells forming a well-established cell lawn 
in a Petri dish (Corning 4,5 cm in diameter) were then 
transfected with the following mixture: 

1 ^g of linearized plasmid pPB213 + 5 /ig of CHV viral 
DNA in 300 /il of MEM medium and 100 fig of Lipof ectAMINE 
(Gibco-BRL Cat# 18324-012) diluted in 300 /il of medium 
(final volume of the mixture ^ 600 fxl) , These 600 /xl 
were then diluted in 3 ml (final volume) of MEM medium 
and spread over 3 x 10^ MDCK cells. The mixture was left 
in contact with the cells for 5 hours, then removed and 
replaced by 5 ml of culture medium. The cells were then 
left in culture for 24 hours at +37^C. After 24 hours 
to 4 8 hours of culture, 1 ml of culture supernatant was 
harvested, and several dilutions of this supernatant 
were used to infect other MDCK cells (cultured in Petri 
dishes (Corning 4.5 cm in diameter)) so as to obtain 
isolated plaques, each dish being infected with 1 ml of 
a dilution of the initial supernatant. After contact 
for 1 hour at 37**C, the infection medium was removed 
and replaced by 5 ml of MEM medium containing 1% of 
agarose, kept supercooled at 42^C. When the agarose had 
solidified, the dishes were incubated for 48 hours at 
37 ^C in a CO2 incubator until plaques were seen. The 
agarose layer was then removed, and a transfer of the 
viral plaques was carried out onto a sterile 
nitrocellulose membrane of the same diameter as the 
Petri dish used for culturing. This membrane was itself 
transferred onto another nitrocellulose membrane so as 
to obtain an inverted '*copy" of the first transfer. The 
plaques transferred onto this second copy were then 
hybridized, according to the standard techniques known 
to a person skilled £n the art, with a 1842 -bp Not I- 
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NotI fragment of the CDV HA gene, obtained by digestion 

of plasmid pPB208 (Example 7.1*), labelled with 

digoxigenin (DNA Labelling kit, Boehringer Mannheim, 

CAT # 1175033) . After hybridization, washes and 

5 contacting with the visualization substrate, the 

nitrocellulose membrane was placed in contact with an 

autoradiographic film. The images of positive 

hybridization on this membrane indicated which plaques 

were the ones which contained recombinant CHV viruses 
* 

10 which had inserted the CDV HA cassette. The plaques 
corresponding to these positive plaques were cut out 
under sterile conditions from the first nitrocellulose 
membrane, placed in an Eppendorf tube containing 0.5 ml 
of MEM medium and sonicated to release the virions from 

15 the membrane. The medium contained in the Eppendorf 
tube was then diluted in MEM medium,, and the dilutions 
thereby obtained were_ used to infect further cultures 
of MDCK cells. A 100% pure recombinant virus containing 
the HCMV-IE/CDV HA/polyA cassette inserted into the 

20 ORF3 site was thereby isolated after 3 cycles of 
purification, and was called vCHVOl. The homology of 
the recombination was verified by PCR using 
oligonucleotides situated on each side of the insertion 
site. The absence of reorganization on the genome of 

25 the recombinant vims vCHVOl, other than in the 
recombination region, was verified by the Southern blot 
technique • 

ExaJDople 15: Isolation of recombinant CHV viruses 
30 expressing various foreign genes ^ 

According to the procedure described in Example 
14, the construction of different recombinant CHV 
viruses is carried out using the donor plasmids 
described in Examples 9 to 13 . 

35 

Example 16 : Preparation of the vaccines 

To prepare a vaccine, the recombinant viruses 
obtained in Examples 14 and 15 are cultured- on MDCK 
cells. Harvesting of the recombinant virus takes place 
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when the cytopathic effect is complete. The lysed cells 
and the culture supernatant are harvested. After 
clarification of the cell lysate to remove cell debris, 
the viral solution is titrated. The viral solution is 
5 then diluted in a stabilizing solution for 
lyophilization, distributed on the basis of one 
vaccinal dose (10^ CCID50 to lO'' CCID50) per vial and 
lastly lyophilized. The viral solution can then be 
frozen if necessary. 

10 

Example 17 : Vaccination methods 

According to the preferred mode of vaccination, 
the vaccine obtained according to the invention is 
redissolved or thawed, and then administered via the 

15 parenteral or mucosal route, but preferably via the 
mucosal, in particular the oral and/or nasal, route. 
The vaccinal dose will preferably be between 10^ CCID50 
and lO'' CCID50, Preferably, the dose for the parenteral 
route will be between 10* CCID50 and 10^ CCID50, and for 

20 the oral and/or nasal route, between 10^ CCID50 and 10^ 
CCID50. As defined, the vaccine is effective in general 
after a single administration via the oral and/or nasal 
route. However, repeated administrations may be 
necessary. 
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1, Recombinant live vaccine comprising as '\rector a 
canine herpesvirus comprising and expressing at- least 
one nucleotiBe sequence coding for a polypeptide , this 
sequence being inserted into a site which is non- 
essential for replication. 

2. Recombinant live vaccine according to Claim 1, 
wherein the nucleotide sequence or sequences is/are 
inserted into at least one site selected firom the group 
consisting of ' 0RF3 , 0RF5, thymidine kinase gene and 
sequence situated between the CHV ORF19 and the CHV 
ORF22, by simple insertion or after total or partial 
deletion. 

3 . Recombinant live vaccine according to Claim 1 
wherein, to express the inserted sequence, the 

vector comprises a strong eukaryotic promoter, 

4, Recombinant live vaccine according to Claim 3^ 
wherein the strong promoter is a CMV immediate- ear* ly 
promoter, preferably the murine oir human CMV immediate - 
early promoter. 

5 . Recombinant live vaccine according to 
claim 1 , which comprises at least two 

nucxeotide sequences inserted into at least one site 
under the control of different exikaryotic promoters, 

6, Recombinant live vaccine according to Claim 5, 
wherein the eukaryotic promoters are CMV immediate - 
early promoters of different animal origins. 

7 , Recombinant live vaccine according to Claim 5 
which comprises a first nucleotide sequence 

associated with a CMV immediate-early promoter and 
another nucleotide sequence associated with another 
promoter, the two promoters in this case having their 
5' ends adjacent- 

8. Recombinant live vaccine according to claim 

1 , which comprises a nucleotide sequence 

coding for an antigenic polypeptide of a canine 
pathogenic agent , this sequence being inserted into one 
of the sites. 



^' Recombinant live vaccine according- to Claim 8, 

which comprises a sequence coding for an antigen 
selected from the group of antigens of the Carre's 
disease virus, of the rabies virus, of the canine 
parvovirus, 6f the canine parainfluenza virus, of the 
Rubarch's hepatitis virus, of Bordetella 

Jbronchiseptica, of Borrelia burgdorferi r of Leptospira 
spp. and of Leishmania infantum, this sequence being 
inserted into one of the sites, 

10 . Recombinant live vaccine according to Claim 9 , 
which comprises a nucleotide sequence selected from the 
nucleotide sequences coding for the HA and F 
polypeptides of the Carre's disease virus, 

11. Recombinant live vaccine according to Claim 9, 
which comprises at least one nucleotide sequence 
selected from the group of sequences corresponding to 
the rabies virus G gene, to the canine parvovirosis 
virus VP2 gene, to the parainfluenza virus type 2 HA 
and F genes and to the Borrelia burgdorferi OspA and 
OspB genes. 

12 . Recombinant liv*:> vaccine according to 
claim 1 , which comprises a nucleotide 

sequence coding ror an immunomodulatory polypeptide, 
this sequence being inserted into one of the sites, 
13- Recombinant live vaccine according to Claim 12, 

wherein this nucleotide' sequence is selected from the 
group of sequences coding for cytokines- 

14. Recombinant live vaccine according to 

claim 1 , which comprises , inserted into tne 

insertion locus, an expression cassette comprising in 
succession a promoter, two or more genes separated in 
pairs by an IRES, and a polyadenylation signal. 

15. Polyvalent vaccine formula comprising, as a 
mixture or to be mixed, at least two recombinant live 
vaccines as defined in Claim. 1 , these 
vaccines comprising different inserted sequences. 

16. DNA fragment consisting of all or part of the 
sequence defined by positions 583 to 4173 on the 
sequence SEQ ID No . 1. 
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1 CrCGAGGAAAlU'Gl'i^l'GUTi'G'rATCTACAAAACTTC^^ 
71 TTATTTTCATCTTCGCGATTCA^^ 
141 TTTAAAAACAATTTTATTAAACCCATCGTCTTGAT^ 

211 ATAATCTATCGGTATAGAAATATGTTTCCA^AATAAATTACn^ 
Hindllt 

281 ATAAAGCTTAAAAGTCTTTCATAAACAAGATTTATATCAAACn^ 
351 ITATAGATAA^TrTTCACCCCTATATTCTQGGGTTAT^ 
421 CAACACTTCGTGTTTGGTTTGGGGTGCCGGAAGC^ 
491 GGAAATCTTGATGTATATTTTAAATTTAAACTATTCT^ 

287^ mPhjaj\r-<jg<>T*rhT'^ «*rtvrvai fiTyj7,yT?g^r^ Tyjlyi:ir 

561 TATTTGATGGAGAGTTTATTTTTGATAAAATTCT 

264^ sAfgLSftrPmS erAmT! eTiy RSftrTrf^iTl ^TiysPfagQlyAgnglTAjmi^ygPr ^ 

63 1 GGTATCACTACTTTCACTACTGGTAATATTTGAGGATTCTTCGG^ 

241^ OSisftSDSeirSerGIiiSerSarflarXleAsnSftrSar ^ Tl i* &gn*T^^T^ cv»T ^t g 

701 GAATCACTTATTCTCCATGAGTrrGATATTTGA^^ 

771 CTTCAGATGAATCTCCACTATCAGAATTATATTCCriT^ 

194^ tt<t1 Ti.^rSezAgjGlvSeaAspSeiAgnTyrGltilys^ 

841 TTGAACAGATTTTAAAATAGGGGCTTGGTGCAAGT^^ 

171^ GlJlV a^5>f>rTlV sI^^IlePr nA1aa^^H^ fiT^iftgj plfat^grygA-nfl^ ^ 

911 GGATATGATACATTTAAAGAAGCAAGTATATCCCrACATCGGAGGGT^ 

981 CCAATATAATATCACAACCCATTAATATTAGATCAGTATCCGl^^ 

1051 ATGATAAAGATTAGCACAAACATCATCAGCTTCCATAT^^ 

101 < HisTvrTi'BiAmAlaCvgW ^wl AmAfirAl a{yiiiM a!tAspgMVialAmV5w1*f*y^'^^ aa , 
1121 CGTATTAAATTAACACATAAirriATAACATAACTTAGGAGl^^ 

1191 AAATATTTATAGGTTCACATTTTTCCAATTO 

54 ^tiXleAgnIlagrogSl33CYaIiV THmii^ &grtA<gr T,yff 
1261 AATGGAATTTCTCCAAGTCTTCCA^ 

<— ORFI Bgllt 

1331 ACGTTTAACATGTCCATCACCAinrrAJACCA^^ 
7 a1 AsntiffuMstAgMetrvaaMftt 

1401 AGTAATTTAAGTAAAGAA!UUUU^ACJ\ro 
1471 TACAAAATTTTTCCATCAACGTATACACT 

Spel 

1541 GGTGTTGCTATCGCATCGTGTTOAACrrAG^ 

Spe! 

1611 TTTTAATAAAATACCAAACAGAACCTTTTC^^ 



0RF2 — > 

1681 ATAACCTTTAACTiWOTAATTJW^TAATGAOT 

1 ► MetlleAsnLeuLysTlirGlxl^ 
1751 ATTTTATGAAATCAATCAAAATCACCACAATTATGCAAATG^ 

15 ► spPhaefettysSerXleliysIleain;:^^ 
1821 TTTAGTCTATAAAAAGAAATTGTTAACATTTAGTTTAAATl^^ 

1891 TTTTGCTTAGTTTTTAAGGCGATGGCGTGT^^ 

62 ► PheCVsLeuValPheliVsAlaMatAl^^ t^my ^f^^vtA «,T> ^g 
1961 CTCAGATTATAAATAACGAAGAAAATATAAACTCTGAAGAAGGAAAAT^^ 

8 5 ► erGIjQlleXle AfnriAKnGlxigl uAsnn aVaTT^ 

Hmdlll 

2031 GGAAGATC AAAAGCTTCGTGATGTGATAAGTATGCTAACACCCT^^ 

Spel 

2101 ATAGTTTITAGTGACTATGGGATGATGATCCATACTAGTAT^^ 
132 ► XleV al Phi^SerA spTyrGlvMstMe l-ri fto agSftgg^gyBglycri iv^ ^*^ T1 -^ProTleS 

2 171 CTAAAAACCAATTTTCTTCTTATTTTO 

155 ► erLvs Amffl nPhf»5to SerTvrPhgtogLvfr^^ M^ T»^v ^T^.'^^^^^ r T^-^J^^^ 
2241 TAAAAGGGGATTGTTGGATGTTTTTAAATCAACAA^ 

178 ► rLysAroGlvLeuIguAsDValPhaLvsS ^g^^^rm 
2311 CCTTCCCAACATAGAATGTTAAAACAAGTOATTT^ 

202 ► ProSerGlifflLsArgfifetleid^ysGlnV^^ 
2381 TTCTAAAAGCTGAATtTAGTAACTATTGTATTATCC^ 

2451 TAATAAATATCAATTAAATAAAATACrCGAACTAAACAAAAAACA?^ 

248 ►aIAs^Iiysa^rz fi^T^T i r!^ftsrlL v HT^l^Tr^^ 
2521 AATGAAAATAATGTTGTGATTTCATCTGAAA^ 

272 ►AsDGltiAsnAsaValValXle SegSe rGluSe^ 
2591 AAGGAGAAGATAGCGCATCGATTTTAAAATCTGCTACAAAAAAAGTA^ 

295 ► IxiGlyGliiAspfhir A l aSerlleLeajTa m Sar R I ft ^nggiy ^ry^v^lJUmg^^ T rygHl ^S*> 

2661 AGAAAATTTCAAACGTTTAAAATITCGTTGGAIX^^ 

3 18 ► rcaxiAsaPheLvsArql^iIivaPhaAi^^ i^P H^PH^pr ^T^^T^^r y gLargI>^ 

Hindlil 

2731 AAACTAACAAAlACAACAGTATCGATAAATTTCTTr^ 
342 ► L yHT^fffirftfmTluThTV alSerlle flffnP^ 

2801^ CCT^^AAACCAATTQGAATO^ 

2871 GCGCCCAGCATCTCCATCAGATGAAGAAAAGCCACCAAAAATCC^ 
388 ► sArggroAlaSergroSeiAs nmiTm ^^p^ 

2941 GTAAATACGGATGTTAATATTAAACCCTAATIAAATGACGTAA^^ 
412 ^ ValAsa33xr:AspValAsnIleI^sPro««« 

Hindlil ORF3 — > 

3011 TTTTTCCAAAAGACAAGCTITTATT^ 

l^Ifet:S ftrTjfflTmiiA gpAgnAm v^iCTT^<; ^.ff^ 
3081 CGAACCTCCTATTACATCATTTTCTATAATAAATTGCO^^ 
14 ►xiSliiProProIleaairSerli^ 
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3151 TATGTAACTACAAAATCACTTCTATGTATTGGACTrcA2^GCTG^ 

3 8 ► 'TyTA/al ThTr*T^T"ryg<^rf aCTyTl AT^t^^al aTi»T-TTl *»T1 j*inT 

3221 TTCAAATATTAACTGAAAGTTTCGTATGTTCrATAAT^^ 

3291 AAAAATATCTATTTCTACTTCTGAAAAAATTTCT^ 

84 ► rX-ysXleSeirXleSeriainSerGluIysIleSerSer^^ 
3361 ATAGCCGCCTTTTGTrGGGGGTTTGATIGGATAl^^ 
108 ^ lleAl a A3 aPhi^cysTrpGIyghftAfiifCrp ftT^TACTProIli^AlaIleIiysIleXleTiPsiX1,ptTrf^,iS 

3431 GTTTATCATTTTTAACTATTrGTACAATAAAAATA 

13 1 >^ erI^,iSerPlTftri»t,tThrIleGys^ ftr,yHn eHi.BLlePbtfTyrlrf'iiTleSerll^^T^i A,*^^ 
350i TGGATCTCATGTAAAAGGATCGCTAGTAACAATATTGTTT^^ 
15 4 rcaySergjgVallygGlySerljmiValttg Pliftf?lyBiriCiea 

3 571 AATGTTATTAAAATAGAAATrrTAAOrrGGACT 
178 ► AsnValXleliysIleGlnTI eT^ iTl #^ygbeGlyXleATaIjfi.iCyBT1 ftTi i*T/niS<*.rAfgrfTlTrAsnP 

Spel Bglll 

3641 TTGGACTAGTAATTAGAGATACATGCTATTATCGTATAGGAAGATATA^ 

201^ beQlyIieaValXleArg&spTia^^ 

3711 TCTTGGACATCGAGCGTCTTACTCAATAGAGGAAGAT^ 

224 ^ pljeuGlyHlsGlyAlaSexTyrSerri affliica TiAstXSU^TlaSerAssgyrSerGlT^ fsGluArg 

3781 AAAATTAGTAGTTTTCAACTAATTTATAAATATCCAAGI^ 

2 48 ► liysXleSerSerPtW;! TiT»ffnT1 eTyiliysiTyzgi^^ ftllffiTI eSerll^^T^.ifflygb^SfetL 
3851 TAACTATAGCTATTiaXSGATTAAATGTATACT^^ 

271^ eu5toxleAlaJl.pTrpGlyIieuRfm^ f&S<*rProPhi*ThrT/»ilV'a 

3921 TATrAGCTTTATTGTTGGTCATIOT^^ 
2 9 4 >^ UleSerPhftlleValGlYHisqyyTrmAI nP^^Ta^^tV^Gl^grdPhf^tA5ftt^^^ 

3991 TCACGAATTATACTAATTATTTGTCTrrTACTAG^ 

318^ SezArgllf^Tl MrfniTl f^Tl i^TysT/nr^iTrfi'KTlnT^ir! efl1 n5>rrrfft:vn eSearv^ilIrf^tfrlyTmA. 

4061 ATTTTGGATCACCATTAATCTTGACAAC^ 

4131 ACAAACACAAGGTGTAAACCGTCTTGCTGCCACATATATT^^ 

364^ sCTi TTThrGl TTfilyVal AmArgtoriAl «AltfrlTrTyrIleSertoqA3 aTauTl f'tTI fKTlyliaEuTyiMgt 
4201 ACTGTrGGAATTTGTTACATTTTTATTAAAA<^ 

388^ TticVaJ.GlyXleqysTyrXleS!^^ • « 

EcoFtt 

4271 TGTTTTAAGTTTTAAAXAAAGCAAa^^ 

ORF4 — > 

4341 AAATTTCTATAATCATTAAGGTAATAAGTC^ 

!► MatSi'nrl^T.ysAsTiTtw'^Eyrt^^ gTygVal TLel 

4411 TAATTTTTATAAACTCGATAATAACTTCGGCATCTACA^ 

13 > lelleghaTl eAsnSerIleIl€CThTf>trAl aSerBaaeaaysBroSergargrogtellelleBi^^ 

4481 TTCAGCAAATGAATCACCTGCTTCCATAGATACAAC^ 

4551 TrAAAATCAGTAAGTACCTCAATIAAACCACCIAAAAAC^^ 
60 > LeuIysSaiftfialSeiaaxcSiTCTI.f^^ 

4621 GAGATAATGTTATTTATAGGCCATATTTTAGTCAATXAGAA^ 

4691 TTTAAGTAATCCTTTAATTCAGTTATGGTTTAAAGAAC^^ 
4761 GAAAGTTTAAAAACAGATATATCAAAAAATATTTTATTATT^^ 
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4831 ATAATGATTTTTTATTAGGTATACAAAATCAACCAGTAAATTATA^ 

153 ►yrAsaAspPfaf^f /^iT^ifilylleCrlTiAmGl nProValAfaTTyrLysIieug;^^ nPheTyrAs 

4901 TAATGGAAACATATTACTAAATATAAAGTCGGTroACTTTAAAACCI^^ 

4 971 TATAATTCAAATAATGAAAGTATTTTTOAAACTTT^^ 
200 ► lyiJisn.Sprftmft^gafiltxSerXlePbeG^^ j^SerProAsiiV 

5041 TAAACTTAAAATCAAACCCAAGTTTATATAATGAAAACTACAGCGCTATTT^ 

5111 TCCATTGGAATCrACGGAAATATTTrGGTTTAACGAl^ 
246 ► eProT/^Tf?la:Sema3rG1 taJleghgaa:pPhpA<=mAspGayGlDPrDlleR^^ 

5181 ACTTATAGTGTATGGATTGACGGTCTTATAACACGCACTTCAATATT^ 

2 7 b ► oairiTyrSerVaiaarpIleA^GlyT rf^ffineTtrrArgfflacSerlli^T/rtx^rTrf^iPa^^ 

5251 TGGAAAGCCCCCCCAATTI^GATGTAATGTTGAATCGTAT^^ 

293^ '^^^ ti5ay-OT-r%T>TT^CTT^i&Tigry^ ag^TygTygPhjfcgi* 
5321 AAATACCGTTATTCCAAAAGTTTACTAXAAACCTTTTAl^ 

5391 TGTGAOO^TAAATGTGTTTCCCGTGAAAATAATAAATI^^ 

340 ►qysAspAlaLysCygrVaJ^ezatogg^ 

5461 GTGATGATATTATAAGCGQCCC C lx: i T' r T A AACCACCCTayX'in^3^^ 

363 ^ lyAspAspIlelleSerGlygroCyfiT^iAfinH'i BProGlyLeuVal AsnTI iiffl nAffnT«ysIleAapIl 

5531 ATCGGATTATGATGAACCTGTTACCTATAAATGTTCAATT^^ 
386^ eSerAspTyrAspGluPxoValttxT^^ 

5601 TATGATGAAAAGGTGTTTGATGCATCGGATGAAAATGTTAG^ 

410 ^ TyiAspGluLygVal PheAspftl RSerAspmnA<mViBl S^^rTysSeaafetT^iTI i^tSttrHeoaictttrl 
5671 TAATTGGTGGAGCCA TmTCU TATAGTATTGATTT^ 
433 ^ leXleGlyGlyAl aTlePheValXleValTrfmiTI ePhi^Tl f^'TteAl arffljCVsgbeflgyrCysSerLysAs 

Bgiil 

5741 TAATAAGATCTAATATCAATArPITACGTAAATGGATr^^ 
456 ^ nAsnLysIle* • •* 

ORF5 — > 

5811 AAGTTCATCAAA!IT7rAAAAATTTGTA!rAGT;^ 

l»MatAlaG1.n 

5881 TTAGTTTTAACTGATATTCCCCTCGAAGATGTQSAAAATAAAA^ 

5951 ACTTAAACCAGAAAAAATCAACATGTCAATGTTTATCT^ 

27 > mr^iAfgnffl^y sIyggflggarC^ i^qi ytl^Trn 
6021 ATTAACCATAGCTCCAATAATTTrrACTTTTATr^^ 

50 ►iiTiftTiTtirXleAl nhl nTlffTI eghaflSitaaalleglMgtevsal^^ <*AFn 

6091 TGTCCTCCATCTACMrrTGGTATTCATAATCT^^ 

74 > C^^sProProSera3bla3fig^^ iiflli-iP mTl #NTygTyp<5<»rn ^'^fr^f^r'^yrS 

Seal 

6161 C AGAATTATCTAAAATATGTTATCATAGATTGTCAAATCCG^ 
97 ^ erGliali eu Se rLy sXlegysTyiAapApg Trfy 



(FIG. 1 end) 
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As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I beheve I am an original, first and joint inventor (if plural names are listed below) of the subject matter 
which is claimed and for which a patent is sought on the invention ENTITLED: CANINE HERPESVIRUS 
BASED RECOMBINANT LFV^E VACCINE, IN PARTICULAR AGAINST CANINE DISTEMPER, 
RABIES OR THE PARAINFLUENZA 2 VIRUS 

the specification of which 

is attached hereto 

x_ was filed on December 16, 1998 as_ United States Patent Application Serial No. 09/213,053, 
with amendments through even date herewith (if applicable, give details). 

I hereby state that I have reviewed and understand the contents of the above-identified specification, 
including tiie claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information known 
to me to be material to patentability as defmed in Title 37, Code of Federal Regulations, § L56, 

I hereby claim foreign priority benefits under Title 35, United States Code § 1 19 of any foreign 
application(s) for patent or inventor's certificate or of any PCT International application(s) designating at least one 
country other than the United State of America listed below and have also identified below any foreign appHcation 
for patent or inventor's certificate or any PCT International applications designating at least one country other than 
the United States of America filed by me on the same subject matter having a filing date before that of the 
application(s) on which priority is claimed: 

Prior Foreign/PCT Application(s) [list additional appHcations on separate page]: 

Priority Claimed: 

Countrv (or PCT) AppHcation Number: Filed f Dav/MonthAfear) Yes _Ng 

FRANCE 96/08242 27 June 1996 x 

PCT PCT/FR97/01115 23 June 1997 x 

I hereby claim the benefit under Title 35, United States Code § 120 of any United States application(s) or 
PCT international application(s) designatmg the United States of America that is/are listed below and, insofar as the 
subject matter of each of the claims of this application is not disclosed in that/diose prior application(s) in the 
manner provided by the furst paragraph of Title 35, United States Code § 1 12, 1 acknowledge the duty to disclose to 
the United States Patent and Trademark Office all information known to me to be material to patentabiUty as defmed 
in Title 37, Code of Federal Regulations, § 1.56 which became available between the filing date of the prior 
apphcation and the national or PCT international filing date of this application: 
Prior U.S. PCT Application(s) [list additional applications on separate page]: 

PCTApphi. No.: Filed (Dav/MonthA^ear) Status (paten ted pending, abandoned) 

PCT/FR97/01 115 23 June 1997 Pending 

I hereby appoint WILLIAM S. FROMMER, Registration No. 25,506 and FROMMER LAWRENCE & 
HAUG LLP, or their duly appointed associate, my attomeys, with full power of substitution and revocation, to 
prosecute this apphcation, to make alterations and amendments therein, to file continuation and divisional 
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representatives and which may be useful for establishing the facts of our conceptions, disclosures, and reduction to 
practice of said inventions and discoveries. 

The effective date of this instrument is the last date noted below. 

In testimony of which I have affixed our signatures. 
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Date Jean-Chrisophe AUDONNET 
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